Introduction
Since the hydrogen storage (H-storage) properties of the Li-N-H system was reported by Chen et al. 1 as a new family of promising hydrogen storage materials, many relevant studies have been performed to understand and improve their H-storage properties all over the world 2~13 . As a result of those investigations, the similar hydrogen storage systems i.e. Li-Mg-N-H systems have been independently designed by Luo 14 , Leng et al. 15 , Xiong et al. 16 and Nakamori et al. 17 at almost the same time. The Li-Mg-N-H systems are essentially composed of magnesium amide Mg(NH 2 ) 2 and lithium hydride
LiH as the H-storage state, and the difference among these materials is only in the molar ratio of Mg(NH 2 ) 2 and LiH, that is, 3 Mg(NH 2 ) 2 + 6 LiH ↔ 3 Li 2 Mg(NH) 2 + 6 H 2 (1) sensor B is ~ 10 cm 3 . Before performing the PCT examination, the total volume of V HT and V RT , and its ratio were measured. The pressure sensors (Druck Ltd. DPI280) were expressed to be very accurate in the wide range from 0.100 to 15.000 MPa. In the present study, we used the NIST12 software as an equation of state corresponding to hydrogen gaseous phase to calculate hydrogen concentration absorbed in the sample, which is provided by the National Institute of Standards and Technology (NIST), USA.
The amount of the hydrogen absorption was evaluated according to the following procedures. After the dehydrogenated sample of ~ 0.13 g was set into the sample cell with the volume V HT in Fig. 1 , the sample cell and the reservoir tank were evacuated down to 1x10 -4 Pa, and the sample part was heated up to 150 or 200 °C. After that, for each hydrogenating step, gaseous hydrogen (99.99999 % purity) was introduced into the reservoir tank up to 10 MPa by opening the V 1 valve, and then the V 2 valve, which combines with the sample cell and the reservoir tank, was opened. After passing several minutes, the V 2 valve was again closed and the pressures were monitored by both the pressure sensors for 1 h. Generally, the kinetics of hydrogenation and dehydrogenation on the Li-N-H system, where the reaction proceeds with a disproportionation, is considered to be so slow that the waiting time for the each measuring point in the PCT curve has to be long enough for reaching an equilibrium condition. In this work, we terminated the waiting time at 1 h. Finally, the amount of hydrogen absorption was determined from the difference between the pressures before opening the V 2 valve and after waiting for 1h. We tried to determine the PCT curve in the H-desorption process as well, but failed to get the reliable PCT data at lower temperature than 200 °C because of a slow kinetics in the H-released process under a finite H 2 pressure without catalyst.
Then, the hydrogen desorption properties of the samples before and after the PCT experiments were examined by a thermal desorption mass spectroscopy (TDMS, Anelva, M-QA200TS) combined with thermogravimetry (TG, Rigaku, TG8120) in the heating process up to 450 °C at a heating rate of 5 °C/min under a highly pure helium (purity > 99.9999%) flow.
In this work, all the experimental processes from the sample preparation to the examination of H-storage properties were performed in the glovebox filled with a purified argon gas without exposing the sample to air at all. The identification of phases in the samples was carried out by X-ray powder diffraction (XRD) with Cu Kα radiation (Rigaku, RINT-2500).
Results and Discussion
Pressure-composition isotherm (PCT) curves of hydrogen absorption at 150 and 200 °C under the condition of the 1 h waiting time are shown in Figure 2 . Here, the PCT examinations at 200 °C were independently twice performed by using the samples from different batches. Unfortunately, those examinations can not be regarded as "the real PCT measurement", because the waiting time of 1 h was not long enough for reaching equilibrium condition of hydrogen absorption. However, the PCT curves obtained in this work give outline of the real PCT profile and basic information for improving the fundamental reaction as one of the practical hydrogen storage systems.
As shown in Fig. 2 , we notice that a two-plateaus-like structure appears in the PCT curves at 200 °C. Two-plateaus pressures should be lower than 1 MPa and 6 MPa, respectively, because the much longer waiting time leads to the much lower equilibrium pressure. On the other hand, such a two-plateaus-like behavior is not found in the PCT curve at 150 °C, where the equilibrium pressure seems to be lower than 1 MPa as well, corresponding to the lower plateau-like pressure at 200 °C. Although the waiting time of curves between 150 and 200 °C seems to be essential. Particularly, the hydrogen concentration in the PCT curve at 200 °C reaches up to 5.5 mass% at the H 2 gas pressure of 9 MPa, but that at 150 °C reaches to only 3.5 mass% at the same pressure.
The hydrogen concentration of 5.5 mass% at 200 °C under 9 MPa is lower than the expected value (~ 6.9 mass%) from the reaction (2). To clarify the reason, the TDMS and TG spectra were examined for the sample after dehydrogenating at 200 °C for 12 h under a high vacuum below 1x10 -4 Pa. As is shown in Figure 3 Although the dehydrogenated sample should be composed of the mixed phases of Li 2 NH and Mg 3 N 2 , only the Li 2 NH phase can be found in Fig.4 (a) . Actually, the previous results indicated that the dehydrogenated state of this product was the mixed phases of Li 2 NH and Mg 3 N 2 after the dehydrogenation at 400 °C 15 . Therefore, this
indicates that the crystal growth of the Mg 3 N 2 phase was not achieved yet after the dehydrogenation at 200 °C because Mg(NH 2 ) 2 before dehydrogenation synthesized by the mechanochemical method possessed nano-structure or amorphous structure and revealed no structural feature in the XRD profile 15 . With respect to the rehydrogenated samples, the mixed phases of LiH and Mg(NH 2 ) 2 is found in the hydrogenated sample after the examination of the PCT profiles at 200 °C as is evident from Fig. 4 (b nano-crystalline feature unchanged after examining the PCT curve at 150 °C and it is difficult to discriminate the LiNH 2 and Li 2 NH phases from the difference in the XRD profiles, the hydrogen desorption properties in Fig. 3(c) suggest that the phases of the sample after hydrogenating at 150 °C under 9 MPa were mainly composed of LiH and LiNH 2 .
In conclusion, the results obtained are summarized as follows: The PCT profile at 200 °C in the Li-Mg-N-H system has a two-plateaus-like behavior and reaches to fully 
